Numbers of polution indicator bacteria (fecal coliforms and fecal streptococci) were assessed on land to which effluent from intensively housed pigs had been applied. Topsoil (to a 30-mm depth) was found to provide a more favorable environment for fecal coliform persistence than was pasture or subsoil. Times required for a 90% reduction in number (Tso) in topsoil (calculated by linear regression of log counts obtained in a 6-week period after effluent application) ranged from 7 to 20 days (mean Tso, 11 days). Tso values for fecal coliforms fell within this range irrespective of the season of application and for a number of soil types and climatic conditions. The range in die-off times was encountered irrespective of the fecal coliform count in the applied effluent or the application regimen (125 to 1,000 kg of elemental nitrogen in the form of effluent per ha; return periods, 3 to 12 months.) Autumn and winter conditions were conducive to
Fecal streptococci survived similarly on soil and pasture (Too, ca. 14 days) and appeared slightly more suited to survival in the environment than did fecal coliforms. Contamination of subsoils after effluent applications occurred at a rate well in excess of the infiltration capacity of the soil, presumably by percolation of the effluent through soil cracks. Contamination levels of subsoils in the experimental area generally remained low.
Effluent disposal areas of intensive piggeries (farms where large numbers of pigs are housed in a confined area) contain large numbers of bacteria of fecal origin, including members of the fecal coliform (FC) and fecal streptococcus (FS) groups. Many years of experience have shown food and water supplies free from these bacteria to be unlikely to transmit feces-borne pathogens and thus these bacteria have been widely accepted as indicators of fecal pollution (2) . The enumeration of indicator bacteria as a gauge of fecal pollution has continued despite wide variations in reported abilities of pathogenic organisms to persist in the environment (9) . Knowledge of the persistence and redistribution of indicator bacteria on effluent disposal sites is, therefore, important in the assessment of the pollution potential of these areas.
This report describes a study of the distribution and survival ofbacterial indicator organisms on land used for the disposal of piggery effluent under a range of management, climatic, and soil conditions. MATERIALS AND METHODS Experimental procedures. Effluent was routinely applied to six well-separated plots for 3 years beginning in 1976 . The plots consisted of 15-m lengths of flood irrigation bay (10 m wide; slope, 0.7%). Pasture cover was cut to about 100 mm and removed when it attained a height of 250 to 300 mm. The soil type was Deutgam fine sandy clay loam (13) . Effluent was applied to the plots as evenly as possible by flooding them through a flexible pipe.
The volume of effluent to be applied for required levels of nitrogen application (see Table 1 ) was obtained by Kjeldahl nitrogen analysis (1) of a grab sample of mixed effluent collected on the day before application. An additional sample was collected in trays at the soil surface for calculation of the actual rate of nitrogen application. Rates were mainly based on a recommended rate of 500 kg of N per ha per year (10) .
The effect of soil type on the persistence of FC was investigated at several farms with soils varying from clay to loam and in areas with annual rainfalls of 500 to 1,000 mm (see Table 4 ). 
RESULTS
Prevalence of E. coli in FC estimations. Over 99% of the 1,140 colonies collected by plating positive high-dilution most-probable-number tubes were found to resemble those of E. coli (5.4% were indole negative).
Numbers of indicator bacteria in piggery effluents. Ninety-two piggery effluent samples examined in the laboratory for FC were found to contain an average of 3.1 x 105 FC per ml (2.0 x 103 to 7.3 x 106/ml). The 27 effluents applied to plots 1 to 6 averaged 106 FC per ml (8.9 x 104 to 7.3 x 106/ml). These effluents had been stored for not more than a few days in pits or lagoons before application to the experimental plots. Fourteen of these effluents were examined for FS and had a mean count of 2.7 x 107 FS per ml (1.7 x 106 to 1.8 x 108/ml). Effluent dry matter content ranged from 0.2 to 12%, with a mean of 1.9%.
Effluent application rates. The date and nitrogen content of effluent applications are shown in Table 1 . On many occasions, applications of 500 kg of nitrogen corresponded to applications of effluent to about a 30-mm depth (0.1% N in the applied effluent). Effluent samples from the experimental farm were found, however, to vary within a fourfold range (0.04 to 0.15% N).
Persistence of indicator bacteria on pastures. Linear regression analyses of FC numbers (logio basis) were calculated on counts taken up to 6 weeks after application of effluent on plots 1 to 6. The time (in days) for 90% reduction in cell numbers (Tso) was calculated from the inverse of the slope of the regression line ( Profile analyses of contaminated pasture cut at >100 mm, at 30 to 100 mm, and at <30 mm from ground level showed FC persistence to be greatest at lower levels of the sward, particularly in material collected <30 mm from ground level. Persistence of indicator bacteria in topsoil. Tso values for FC (all applications) and FS (from the middle of year 2) in topsoils of the main experimental area are shown in Table 2 . Individual FC die-off rates for plots 1 and 4 are shown in Fig. lb and 2b . The most rapid decline in FC numbers on the sites occurred in the 3-to 6-week period after effluent application. The mean T9o values in topsoil were 11 days for FC and 14 days for FS. A Duncan new multiplerange test failed to show significant differences in the rates of FC die-off, in the 6 weeks after application, among rates or seasons of application. The variations in concentrations of indicator bacteria in effluents applied to the plots were such that a Student's two-tailed t test of soil counts taken 24 h after application showed no significant differences between plots receiving 125 kg of N per ha and those receiving 500 or 1,000 kg of N per ha.
Soil temperatures and meteorological data are shown in Table 3 .
Effect of soil type. Tgo values for FC survival in 12 soil types, including the experimental plot, farm 3, are shown in was usually found to be restricted. Profiles taken at 6-month intervals on plot 1 are shown in Fig.  3a . Profiles taken on plots having higher application rates displayed similar contamination levels. Contamination generally decreased with depth and in most cases was higher in moist soils. Well-separated sites adjacent to the experimental area were used specifically for profile studies. The greatest subsoil contamination occurred on a site to which effluent was applied (500 kg of N per ha) in late autumn (Fig. 3b) . Winter rains and poor drainage resulted in saturation of the site for several weeks. Rapid contamination of subsoils occurred after application, possibly via contraction cracks in the soil from the previous summer. Although the Similarly, a profile taken 6 months after application on the site to which 5,000 kg of N per ha was applied showed low subsoil contamina- (11) , which indicated that chemical pollution is not a problem when fertilizers are added to grasslands at this rate. The loading rates in the present study were based on these figures, but in practice the actual application rates were generally less than the calculated rates, presumably because of denitrification during spreading (15) .
The persistence of indicator organisms on pasture was found to be variable but generally less than that in soil. It has been reported (3) that FC are removed from the leaves of alfalfa plants after two sunny days. The longer survival times observed in the present study may have resulted from the pasture sward being denser and a higher level of organic matter in the effluent providing some protection from adverse physical conditions. In some cases, rapid pasture growth could have lifted effluent residues from low levels in the sward to the pasture sampling zone.
The survival of FC in subsoil was found to be sufficiently low to prevent a progressive buildup of contamination of the experimental area. Previous studies have shown coliform bacteria to be effectively removed during percolation through fairly porous soils (6, 8) , although instances of longer travel (>24 m) of fecal bacteria through soil have been reported (5) . Significant numbers of cells have been detected at depths below 0.5 m, despite the very low permeability of the soil in the experimental area (0.03 m/day in shallow holes, 0.003 m/day in deep holes) (F. Bartel, personal communication). The results indicated that percolation of effluent through fissures that developed in dry soil of the experimental area over the summer may have been more important in contamination of subsoil than percolation through intact soil.
Studies of fecal organisms in the environment have indicated that pollution of surface runoff water is a problem likely to be encountered when land is contaminated with fecal bacteria (8, 16 
